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® A process for preparing an ultra-high molecular weight polyethylene by the polymerization of ethylene using 
a catalyst comprising a solid catalyst component and an organometaiiic compound, characterized in that said 
solid catalyst component is a product obtained by contacting the following [A] and [8] together 

[A] the reaction product of a magnesium dihaiide and a titanium compound represented by the 
general formul a Ti(ORU wherein R is a hydrocarbon group having 1 to 20 carbon atoms; 

[B] the reaction product of an atumi num trihalide and a s ilicon comp ound represented by the general 
formula Si(OR')* wherein r' js a hydrocarbon group Raving 1 to 20 carbon atoms. 
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Process for Preparing Ultra-High Molecular Weight Polyethylene 



BACKGROUND OF THE INVENTION 



5 The present invention relates to a process for preparing an ultra-high molecular weight polyethylene 
and more particularly to a process for preparing an ultra-high molecular weight polyethylene superior in 
fluidity, free of fibril and readily soluble in a solvent by using a specific solid catalyst component and an 
organometaJlic compound. 

Heretofore, for the preparation of an ultra-high molecular weight polyethylene, there have been known a 
to number~of processes each using a catalyst comprising as a carrier an inorganic magnesium compound 
such as magnesium halide, magnesium oxide or magnesium hydroxide and a transition metal compound 
such as titanium or vanadium compound supported on the carrier. However, these known processes involve 
various problems; for example, the resulting ultrahigh molecular weight polyethylene is generally low in bulk 
density and wide in particle size distribution and the particles thereof are fibrillated and so difficult to 
75 dissolve in a solvent 

Further, for rhe production of ultra-high molecular -weight polyethylene fiber by the gel spinning process 
which has recently been in increasing demand* it is absolutely necessary to provide an ultra-high molecular 
weight polyethylene which is easy to dissolve in a solvent and affords a homogeneous gel. 

Thus, it has been desired to develop an ultra-high molecular weight polyethylene free of the above- 
ao mentioned problems. 

It is an object of the present invention to solve the above-mentioned problems. 

It is another object of the present invention to provide a process for preparing in high yield an ultra-high 
molecular weight polyethylene small in average particle size, narrow in particle size distribution, superior in 
free fluidity, free of fibrillated particles, easy to dissolve in a solvent and suitable for use in gel spinning. 

25 

SUMMARY OF THE INVENTION 



30 The present invention resides in a process for preparing an ultra-high molecular weight polyethylene by 
the polymerization of ethylene using a cataJyst comprising a solid catalyst component and an organometaJ- 
lic compound, characterized in that the said solid catalyst component is a product obtained by contacting 
the following [A] and [6] together 

[A] the reaction product of a magnesium dihalide and a titanium compound represented by the 
35 general formula Ti(0R)4 wherein R is a hydrocarbon group having 1 to 20 carbon atoms; 

[B] the reaction product of an aluminum trihalide and a silicon compound represented by the general 
formula Si(OR )* wherein R is a hydrocarbon group having 1 to 20 carbon atoms. 

By using such specific catalyst according to the present invention there can be obtained an ultra-high 
40 molecular weight polyethylene having tfte following superior characteristics: 

(1) Small average particle size; generally spherical, having a narrow particle size distribution; and 
high free fluidity. 

(2) The particles are free of fibril and easy to dissolve in a solvent. 

(3) Because of the above characteristics (1) and (2) t in producing an ultra-high molecular weight 
45 polyethylene fiber according to a gel spinning process, the amount of a solvent required is small and there 

is obtained a homogeneous gel. j 



so DETAILED DESCRIPTION OF THE INVENTION 

The magnesium dihalide used in th present invention is substantially anhydrous. Examples are 
magnesium difluoride. magnesium dichloride, magnesium dibromide, magnesium diiodide, and mixtures 
thereof, with magnesium dichloride being particularly preferred. These magnesium dihalides may have been 
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treated with electron donors such as, for exampl , alcohols, ethers ketones, carboxylic acids, ethers, amines 
and phosphines. ^ 

As the titanium compound there is used a compound represented by the general formula Tl(OR)* 
wherein R is a hydrocarbon group having 1 to 20, preferably 1 to 8, carbon atoms such as, for example, an 
5 alkyl, aryl or araikyl group. Examples are tetramethoxytitanium, tetroethoxytitanium, tetraisopropoxytitanium. 
tetrapropoxytitanium, tetrabutoxytitanium, tetrapentoxytitanium, and tetraphenoxytitanium, with tetrabutox- 
ytitanium being preferred. 

The method for reaction of the magnesium dihalide with the titanium compound is not specially limited, 
but according to a preferred method, both are mixed and reacted under heating at a temperature of 20- 
w 200* C, preferably 50-200 *C, for 5 minutes to 10 hours, preferably 10 minutes to 2 hours, in an inert 
hydrocarbon solvent (e.g., hexane. heptane, toluene, or cyclohexane). Of course, these operations should be 
performed in an inert gas (e.g. nitrogen or helium) and moisture should be avoided as far as possible. 

The reaction ratio of the magnesium dihalide to the titanium compound is in the range of 0.05 to 10, 
preferably 0.1 to 5. in terms of Mg/Ti (mole ratio). 
is The aluminum trihaiide used in the present invention is substantially anhydrous. Examples are 
aluminum trifluoride; aluminum trichloride, aluminum tribromide, aluminum tri iodide, and mixtures thereof, 
with aluminum trichloride being particularly preferred. 

As the silicon compound there is used a compound represented by the general formula Si(OR )* 
wherein r' is a hydrocarbon group such as an alkyl. aryl or araikyl group having 1 to 20, preferably 1 to 10 
20 carbon atoms. Examples are Si(OCHa)*. Si(OCaHs)*. Si(On-C 3 H 7 )4. ( Si(On-C*H 9 H, SKOCaHir)* and Si- 
(OC10H2O4, with SKOCaHs)* being particularly preferred. 

The method for reaction of the aluminum trihaiide with the silicon compound is not specially limited, but 
according to a preferred method, both are mixed and reacted under heating at a temperature of 20-200* C, 
preferably 50-200 *C, for 5 minutes to 10 hours, preferably 10 minutes to 2 hours, in an inert hydrocarbon 
25 solvent (e.g., hexane, heptane, toluene, or cyclohexane). Of course, these operations should be conducted 
in an inert gas (e.g., nitrogen or helium) and moisture should be avoided as far as possible. 

The reaction ratio of the aluminum trihaiide to the silicon compound is in the range of 0.01 to 10, 
preferably 0.1 to 5. 

The solid catalyst component used in the invention is obtained by mutual contact of [A] the reaction 
30 product of the magnesium dihalide and the titanium compound Ti(0R>4 and [B] the reaction product of the 
aluminum trihaiide and the silicon compound Si(OR)4. As to the reaction sequence, component (B] may be 
added into component [A], or component [A] into component [B], to allow both to be contacted tog ther. 
The latter, namely, addition of component [A] into component [B], is preferred. 

The method of contacting components [A] and [Bl is not specially limited, but according to a preferable 
35 method, both are mixed under heating at a temperature of 20-200* C, preferably 50-200* C, for 5 minutes to 
10 hours, preferably 10 minutes to 2 hours, in an inert hydrocarbon solvent (e.g., hexane, heptane, toluene, 
or cyclohexane), followed by washing with an inert hydrocarbon solvent. Of course, these operations should 
be conducted in an inert gas (e.g., nitrogen or helium) moisture should be avoided as far as possible. 

The amount of component [B] used in the invention is in the range of 0.01 to 10 g ( preferably 0.5 to 5 
40 g, per gram of component [A], The solid catalyst component thus obtained is used in combination with an 
organometallic compound in the preparation of an ultra-high molecular weight polyethylene. 

As to the organometallic compound used in the present invention, there may be employed an 
organometallic compound of a metal of Groups MV in the Periodic Table which is known as a component of 
a Zlegler type catalyst. Particularly preferred are organoaluminum compounds and organozinc compounds. 
46 To illustrate these compounds, mention may be made of organoaluminum compounds of the general 
formulae R3AI. R 2 AIX, RAIX 2l R 2 AIOR, RAI(OR)X and R 3 AI 2 Xa wherein the Rs may be the same or 
different and each R is an alkyl or aryl group having 1 to 20 carbon atoms and X is a halogen atom, as well 
as organozinc compounds of the general formula R 2 Zn wherein the Rs may be the same or different and 
each R is an alkyl group having 1 to 20 carbon atoms. Concrete examples are triethylaluminum, 
50 triisopropylaluminum, triisobutylaluminum, tri-sec-butylaluminum, tri-tert-butylaluminum, trihexyialuminum. 
trioctyialuminum, diethylaiuminum chloride, diisopropylaluminum chloride, diethylaiuminum ethoxide. 
ethylaiuminum sesquichloride, diethylzinc, and mixtures thereof. It is preferable to use triethylaluminum and 
diethylaiuminum chlorid in combination. 

The amount of the organometallic compound used is not specially limited. But usuaJly it is in the range 
55 of 0.1 to 1 .000 moles per mole of the titanium compound. 

It is also preferable in the present invention that the organometallic compound component be used as a 
mixture or addition compound of the organometallic compound and an organic acid ester. 

Where the organometallic compound component is used as a mixture of the organometallic compound 
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and an organic acid ester, th organic acid ester is used usually in an amount of 0.1 to 1 mole, preferably 
0.2 to 0.5 mole, per mole of the organometallic compound. Where it'is used as an addi tion compound of 
the organometallic compound and the organic acid ester, the molar ratio is preferably in the range of 2:1 to 
1:2. 

5 The organic acid ester is the ester of a saturated or unsaturated, mono- or dibasic organic carboxyllc 
acid having 1 to 24 carbon atoms and an alcohol having 1 to 30 carbon atoms. Examples are methyl 
formate, ethyl acetate, amyl acetate, phenyl acetate, octyl acetate, methyl methacrylate, ethyl stearate. 
methyl benzoate, ethyl benzoate, n-propyl benzoate, iso-propyl benzoate, butyl benzoate, hexyl benzoate. 
cyclopentyl benzoate, cyclohexyl benzoate, phenyl benzoate, benzoic acid 4-tolyl, methyl salicylate, ethyl 

w salicylate, methyl p-hydroxybenzoate, ethyl p-hydroxybenzoate, phenyl salicylate, cyclohexyl p-hydroxyben- 
zoate. benzyl salicylate, ethyl a-resorcinol carboxylate, methyl anisate, ethyl anisate, phenyl anisate, benzyl 
anisate. methyl p-ethoxybenzoate, methyl p-toluylate. ethyl p-toluylate, phenyl p-toluylate, ethyl o-toluylate, 
ethyl m-toluylate. methyl p-aminobenzoate, ethyl p-aminobenzoate. vinyl benzoate, allyl benzoate, benzyl 
benzoate. methyl naphthoate, and ethyl naphthoate. 

75 Particularly preferred are alky! esters, especially methyl and ethyl esters, of benzoic acid, o- or p-toluic 
acid and anisic acid. 

The polymerization using the catalyst of the present invention can be performed in the form of slurry 
polymeriza tion, solution polymerization or vapor phase polymerization. The catalyst used in the present 
invention is particularly suitable for slurry phase polymerization. 
20 Ethylene is polymerized in a substantially oxygen- and water-free condition, in the presence of an inert 
hydrocarbon, at a hydrogen concentration of 0 to 20, preferably 0 to 10, mole %, at a temperature of 0* to 
120* . preferably 20* to 100* C, and a pressure of 0 to 70, preferably 0 to 60, kg/cm 2 .G. As examples of 
the inert hydrocarbon are mentioned saturated hydrocarbons such as butane, pentane, hexane. heptane, 
octane and cyclohexane, and aromatic hydrocarbons such as bezene. toluene and xylene. Where required 
25 in molding the resulting ultra-high molecular weight polyethylene, there also may be used high boiling, 
organic solvents such as decalin, tetralin, decane and kerosene. 

According to such a process of the present invention there is obtained an ultra-high molecular weight 
polyethylene having an intrinsic viscosity of 6 to 50 dl/g, preferably 8 to 30 dl/g, more preferably 9 to 28 
dig. in decalin at 135*0. and a molecular weight of 600,000 to 12,000,000. preferably 900,000 to 
30 6,000.000. more preferably 1,200,000 to 5,000,000. 

The molecular weight can be adjusted to some extent by changing polymerizing conditions such as the 
polymerization temperature and the catalyst mole ratio. The addition of hydrogen into the polymerization 
system is more effective for this purpose. Of course, using the catalyst of the present invention, there may 
be performed, without any trouble, a multi-stage polymerization reaction involving two- or more-stage 
35 reactions and different polymerizing conditions such as different hydrogen concentrations and different 
polymerization temperatures. 

Further, for the purpose of modifying the ultra-high molecular weight polyethylene of the present 
invention, one or more ot-olefins or dienes may be copolymerized with ethylene. Examples of crolefins 
include propylene, butene-1. hexene-1 and 4-methylpentene-1 . while examples of dienes include butadiene, 
40 1 ,4-hexadiene, ethyl norbomene and dicyctopentadiene. 

According to such a process of the present invention there can be obtained an ultra-high molecular 
weight polyethylene having a small average particle diameter, a narrow particle size distribution, good free 
fluidity.- having no fibrillated particles, and easy to dissolve in a solvent. 

The following examples are given to illustrate the present invention concretely, but the invention is not 
45 limited thereto. 



Example 1 

so 

(a) Preparation of Solid Catalyst Component 

1.9 g of MgCk and 13.6 ml of tetrabutoxytitanium were placed in a thoroughly dried, 100 ml flask in a 
nitrogen atmosphere and reaction was allowed to take plac at 90* C for 2 hours under stirring. The reaction 
55 product th reby obtained will hereinafter be referred to as component [A]. 

20 g of AlCI a and 30 ml of n-heptane were placed in a thoroughly dried, 300 ml flask in a nitrogen 
atmosphereHhen 40 ml of Si(OC2Hs) » were slowly added dropwis and the temperature was raised to 
80* C. at which reaction was allowed to take place for 2 hours, followed by slow cooling down to 40 C. The 
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reaction product thus obtained will hereinafter be referred to as component {B]. 

Whii component [B] was stirred at 40* C, component [A] was slowly added dropwise into component 
[B]. Thereaft r. the temperature was returned to room temperatur and the supernatant liquid was rem v d 
by decantation, followed by washing with five 200 ml portions of hexane to obtain a solid catalyst 
5 component containing 1 .7 wt% of titanium. 



(b) Polymerization of Ethylene 



J~ 10 1.000 ml of hexane. 1.0 m mo^of triathvJaluminum. 1.0 mmol of diethy (aluminum m onochloride. and 10 
mg of the solid catalyst component prepared above were charged in this order into a~2-iiter autoclav at 
room temperature in a nitrogen atmosphere. Thereafter, the temperature was raised to 70* C and ethyl ne 
was introduced to a total pressure of 10 kg/cm 2 .G. at which temperature and pressure there was conducted 
polymerization for 1 hour to obtain an ultra-high molecular weight polyethylene. Catalytic activity was 
is S.SOOg. polyethylene/g.solid cataiyst.hr. C2H4 pressure. 



(c) Evaluation of Physical Properties 

20 As a result of evaluation of physical properties according to conventional methods, the ultra-high 
molecular weight polyethylene thus prepared was found to have a bulk density of 0.34 g/cm 3 , an intrinsic 
viscosity (in decalin at 135* C) of 16.6 dl/g. an average particle diameter of 245 urn and good free fluidity. 
When it was observed through an electron microscope of 3,000 magnification, there was recognized no 
fibril. 

25 The solubility in an organic solvent was evaluated in terms of variations in intrinsic viscosity of the 
polymer in decalin at 135* C. More specifically, 0.02 g of the polymer prepared above was added to 20 ml 
of decalin and ditertiary butyl hydroxytoluene was added as an antioxydant at a proportion of 0.25 wt% 
based on the weight of the polymer. This pQlymer solution was held at 140* C for 3 hours in a constant 
temperature bath and then held at 135* C for 1 hour in a viscosity measuring constant temperature bath, 

ao thereafter measured for viscosity at 135* C. The viscosity measurement was made in the following manner. 
20 ml of the polymer solution was transferred into a viscosimeter and drop time was measured three times, 
then 10 ml of decalin was added and the same operation was repeated, thereafter another 10 ml of decalin 
was added and the same operation was repeated. Thereafter, the polymer solution was replaced by a fresh 
polymer solution and drop second was measured again in the same manner as above. These operations 

35 were repeated five times and for each time there was calculated fa] from a mean value of drop seconds. 
With the result as a degree of variations, there was calculated standard deviation/mean value <CV value, %). 
The CV value thus calculated was 2.4%, indicating that the solubility of the polymer was extremely high. 
Table 1 shows the results of the evaluation of physical properties. 

40 

Example 2 

An experiment was conducted in the same way as in Example 1 except that the amount of AICI 3 in 
component [B] was changed to 10 g. The resultant polyethylene was "evaluated for physical "properties; the 
46 results are as shown in Table 1 . 



Example 3 

An experiment was conducted in the same way as in Example 1 except that the amount of AlCb and 
that of SKOC2HS)* in component [B] were changed to 10 g and 30 ml, respectively. The resultant 
polyethylene was evaluated for physical properties; the results are as shown in Table 1 . 



55 Example 4 

An experiment was conducted in the same way as in Example 1 except that th amount of 
tetrabutoxytitanium in component [A] was changed to 54.4 ml. The resultant poly ethylene was evaluated for 
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physical properties; the results are as shown in Table 1 . 
Comparative Example 1 

s 

An experiment was conducted in the same way as in Example 1 except that 13.6 ml of tetrabutox- 
ytitanium alone was used without using MgCfe in component [A]. Physical properties of the resultant 
polyethylene were evaluated and the results are set out in Table 1 . 

10 

Comparative Example 2 

An experiment was conducted in the same way as in Example 1 except that 40 ml of Si(OC20s)4 alone 
was used without using AlCb in component [B] and n-heptane. Physical properties of the resultant 
is polyethylene were evaluated and the results are set out in Table 1 . 

Comparative Example 3 

20 An experiment was conducted in the same way as in Example 1 except that Si(0C2Hs)4 in component 
[B] was changed to 40 ml of SiCU. Physical properties of the resultant polyethylene were evaluated and the 
results are set out in Table 1 . 



25 Comparative Example 4 

(a> Preparation of Solid Catalyst Component 

30 10 g of MgCb and TiCU in an amount corresponding to 40 mg in terms of titanium supported were 
placed in a thoroughly dried, 400 ml stainless steel ball milling pot in a nitrogen atmosphere and pulverized 
by ball milling for 16 hours to obtain solids. 10 g of the solids were slurried in hexane and the component 
[B] described in Example 1 was slowly added dropwise into the slurry at 40*C under stirring. Thereafter, 
the temperature was returned to room temperature and the supernatant liquid was removed by decantation, 

35 followed by washing with five 200 cc portions of hexane to obtain a solid catalyst component containing 3.2 
wt% of titanium. 

(b) Polymerization of Ethylene 

40 

Ethylene polymerization was performed in the same manner as in Example 1 except that the solid 
catalyst component used therein was replaced by the solid catalyst component just prepared above. The 
resultant polyethylene was evaluated for physical properties; the results are as set forth in Table 1 . 

45 

Comparative Example 5 

The procedure of Example 1 was repeated except that MgCfe in component [A] was changed to MgO. 
The resultant polyethylene was evaluated for physical properties; the results are as set forth in Table 1 . 

so 

Comparative Example 6 

The procedure of Example 1 was rep ated except that Si(OC2H 5 )4 in component IB] was not used. The 
55 resultant polyethylene was evaluated for properties; the results are as set forth in Table 1 . 
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Claims 

5 

1. A process for preparing an ultra-high molecular weight polyethylene by the polymerization of 
ethylene using a catalyst comprising a solid catalyst component and an organometallic compound, 
characterized in that said solid catalyst component is a product obtained by contacting the following [A] and 
[B] together: 

70 [A] the reaction product of a magnesium dihalide and a titanium compound represented by the 

general formula Ti(OR)* wherein R is a hydrocarbon group having 1 to 20 carbon atoms; 

[B] The reaction product of an aluminum trihaiide and a silicon compound represented by the general 
formula Si(0R')4 wherein r' is a hydrocarbon group having 1 to 20 carbon atoms. 

75 2. A process as set forth in Claim 1, wherein the magnesium dihalide is magnesium* dichloride. 

3. A process as set forth in Claim 1 or Claim 2, wherein the magnesium dihalide has been treated with 
an electron donor. 

4. A process as set forth in any one of Claims 1 to 3, wherein R is an alkyl. aryi or araikyl group having 
1 to 8 carbon atoms. 

20 5. A process as set forth in any one of Claims 1 to 4 ( wherein R is an aikyl, aryl or araikyl group having 
1 to 10 carbon atoms. 

6. A process as set forth in any one of Claims 1 to 5, wherein the ratio of the magnesium dihalide to the 
titanium compound is in the range of 0.05 to 10 in terms of Mg/Ti mole ratio. 

7. A process as set forth in any one of Claims 1 to 6, wherein the ratio of the aluminum trihaiide to the 
25 siiicon compound is in the range of 0.01 to 10 in terms of Ai/Si mole ratio. 

8. A process as set forth in any one of Claims 1 to 7, wherein the component [B] is used in an amount 
of 0.01 to 10 grams per gram of the component [A] . 

9. A process as set forth in any one of Claims 1 to 8. wherein the polymerization is performed in the 
presence of an inert hydrocarbon, at a hydrogen concentration of 0 to 20 mole percent at a temperature of 

30 0* to 120* C. at a pressure of 0 to 70 kg/cm 2 .G, and for a period of time sufficient for the formation of an 
ultra-high molecular weight polyethylene having an intrinsic viscosity of 6 to 50 dl/g. 
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